Abstract
Diacetyl contributes to desirable flavor in fermented dairy products. A pathway well-48 known for producing diacetyl is through degrading citrate (18). In this pathway, 49 pyruvate is formed as an intermediary compound that is then converted via α-50 acetolactate to diacetyl. Although pediococci do not appear to utilize citrate, diacetyl 51 formed by this species has been reported (19, 20) . Pyruvate, which is derived from 52 the metabolism of carbohydrates or amino acids, is likely used for synthesizing 53 diacetyl. 54
In this study, the ability of various strains of P. acidilactici and of P. pentosaceus 55 isolated from cheese to produce diacetyl from pyruvate and serine was analyzed. 56
Furthermore, serine dehydratase activity that releases pyruvate from serine was 57 investigated in detail in these strains. The deamination of serine is of interest since 58 this compound is released by proteolysis during cheese ripening and is a potential 59 precursor for flavor compounds. 60
Material and Methods

61
Bacterial strain, media, and growth conditions
62
The strains used in this study are listed in Table 1 . Pediococci which had been 63 identified with 16S rRNA gene sequence analyses were stored at -80 °C in sterile 64 reconstituted skim milk powder (10%, w/v). The bacteria were cultivated at 30 °C in 65 MRS broth (21) or in a basal broth that had been used to study serine metabolism in 66
Lactobacillus plantarum (22). For our study, the basal broth (pH 7.0) was slightly 67 
Results
178
Formation of diacetyl and acetoin
179
The formation of diacetyl and acetoin was studied in resting cell suspensions of nine 180 strains of P. pentosaceus and 10 strains of P. acidilactici (Table 1) 
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Sodium phosphate buffer with various pHs and 15 mM L-serine were used to study 244 the pH dependence. DsdA [19132] exhibited optimal activity between pH 6.5 and 7.4 245 and had about 70 % residual activity at pH 5.5. Furthermore, the influence of NaCl (1 246 %, 2 %, and 4 %) was studied. Whereas degradation of L-serine was slightly 247 inhibited by increasing the amounts of NaCl, the degradation of D-serine was 248 enhanced (data not shown). To study thermal stability, the enzyme was incubated for 249 1 h at 43 °C, 48 °C, 57 °C, and 70 °C. The enzyme treated with the three latter 250 temperatures showed strongly decreased serine dehydratase activity (data not 251 shown). 252
Serine degradation
253
To study the bacterial metabolism of serine, the amino acids of culture supernatants 254 were separated with 2D-TLC after 1-, 2-and 3-days fermentation. The amino acid 255 patterns from P. pentosaceus FAM19132, P. pentosaceus FAM19144, and P. 256 acidilactici FAM18098 were compared. No changes in the amino acid profiles were 257 detected when the strains were grown in MRS broth (data not shown). Significant 258 changes were found between the two strains of P. pentosaceus and P. acidilactici 259 FAM18098 when they were cultured in basal broth. The latter strain completely 260 metabolized serine and threonine, and increased alanine and α-aminobutyrate levels 261 were detected ( Figure 4B ). In contrast, the serine, threonine, and alanine levels in the 262 culture supernatants of both strains of P. pentosaceus were not different from the 263 basal broth, and formation of α-aminobutyrate was not observed (Figure 4C-D) . 264
Moreover, all three pediococci increased the level of ornithine. Further analysis 265 revealed that all studied strains of pediococci produced ornithine, but only the P. pyruvate, which can be converted not only into lactic acid but also into acetic acid, 284 ethanol, diacetyl, and acetaldehyde. These compounds are aroma active and 285 contribute to the typical flavor of a range of fermented products. 286 We had observed that the studied strains of Pediococcus ssp. isolated from cheese 287 did not metabolize citrate (data not shown). Inspired by reports that Pediococcus ssp. 288 produce diacetyl, we first analyzed whether the strains can use pyruvate, an 289 intermediary metabolite in citrate degradation and a precursor of diacetyl formation. 290
Interestingly, all studied P. pentosaceus strains clearly produced diacetyl, a not 291 distinctive property of the P. acidilactici strains. When serine was used as precursor, 292 again various P. pentosaceus strains produced diacetyl, indicating that serine 293 on October 15, 2017 by guest http://aem.asm.org/ Downloaded from 13 dehydratase activity is present that converts serine to pyruvate. In fact, serine 294 dehydratase activity was measured in the cell-free extracts of strains that produced 295 significant amounts of diacetyl from serine. This indicated that this enzyme might be 296 used as a marker for selecting flavor-producing strains. 297
With the advent of next-generation sequencing technologies, more and more 298 genome data on lactic acid bacteria are published. These data can be searched for 299 genes putatively involved in amino acid degradation. In this study, we used the 300 information to search for serine dehydratases present in pediococci and found that 301 PEPE_1745 from P. pentosaceus ATCC 25745 encodes a putative DsdA. 302
Interestingly, by sequencing and aligning the nucleotide sequences of the dsdA gene 303 from the P. pentosaceus strains (see Figure S1 in the supplemental material), 304 mutations that clearly affect the functionality of the enzyme were identified in the 305 strains that did not exhibit serine dehydratase activity. In P. pentosaceus FAM17622, 306 P. pentosaceus FAM19144, and P. pentosaceus FAM20650, mutations lead to 307 truncated, non-functional enzymes. In P. pentosaceus FAM19080, the open reading 308 frame of the gene seems to be complete. However, an alignment of DsdA [19080] 309 with all DsdA sequences from the studied P. pentosaceus strains and DsdA from E. 310 coli showed that at position 67 a threonine residue is substituted with an alanine 311 residue and at position 278 a proline residue is substituted with a leucine residue. 312
The latter amino acid substitution lies next to the so-called tetraglycine loop (residues 313 G279, G281, G282, and G283 in DsdA from E. coli), which is conserved in PLP-314 dependent enzymes and is involved in the binding of PLP (30). Therefore, we think 315 that the binding of PLP is impaired in DsdA from P. pentosaceus FAM19080. This 316 also explains why serine dehydratase activity was not detected in this strain. By 317 cloning dsdA from P. pentosaceus FAM19080 and analyzing its gene product, we 318 confirmed that the enzyme actually is inactive. We suggest that the serine 319 dehydratase activity detectable in P. pentosaceus is provoked by DsdA activity and is 320 on October 15, 2017 by guest http://aem.asm.org/ Downloaded from 14 involved in forming diacetyl from serine (Fig. 5) . P. acidilactici and P. pentosaceus 321 are difficult to separate using physiological tests (15); thus, the presence of serine 322 dehydratase activity may be used as a marker for distinguishing both species. 323
To evaluate whether DsdA from P. pentosaceus is active in a cheese environment 324 and plays a role in flavor formation, the recombinant gene product from P. 
